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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

William Levy et al. : 

Serial No.: To be assigned : Art Unit: To be assigned 

Filed: Herewith : Examiner: To be assigned 

For: CATALYTIC REACTOR : Atty Docket: 20513/0572 
WITH ARRAY OF PLATES : 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to initial examination, please amend the above-captioned case as 
follows. 

IN THE SPECIFICATION 

Please amend the specification as shown on the attached sheets. Clean copies 
of the affected paragraphs are attached hereto. 

IN THE CLAIMS 

Kindly amend claims 5-16 and 18 to read as follows: 

5. (Amended) The catalytic reactor as claimed in claim 1, wherein the channels 
of the first circuit and of the second circuit alternate with one another. 
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6. (Amended) The catalytic reactor as claimed in claim 1 , wherein the plates of 
the bundle of plates form on the one hand, along the axis of the sealed chamber, a 
central well into which a first end of the channels of the first and of the second 
circuit respectively, emerge and, on the other hand, with said sealed chamber, an 
annular space into which a second end of the channels of the first and of the second 
circuit respectively, emerge. 

7. (Amended) The catalytic reactor as claimed in claim 1 , wherein the means 
for admitting the reaction fluid comprise an inlet nozzle passing through the sealed 
chamber and connected to the lower end of the central well of the bundle of plates so 
as to place the first end of the channels forming the first circuit for the circulation of 
this reaction fluid in communication with said inlet nozzle. 

8. (Amended) The catalytic reactor as claimed in claim 1 , wherein the means 
for removing the reaction fluid comprise an outlet nozzle emerging in said sealed 
chamber at the annular space and communicating with the second end of the 
channels forming the first circuit for the circulation of this reaction fluid. 

9. (Amended) The catalytic reactor -as claimed in claim 1, wherein the means 
for admitting the heat-transfer fluid comprise a main nozzle passing through the 
sealed chamber and ducts each connecting said main nozzle and a vertical internal 
manifold spanning the entire height of the central well and covering a portion of the 
first ends of the channels that form the circuits. 

10. (Amended) The catalytic reactor as claimed in claim 1 , the means for 
removing the heat-transfer fluid comprise several ducts passing through the sealed 
chamber and each connected to a vertical external manifold spanning the entire 
height of the bundle of plates at the annular space and covering a portion of the 
second ends of the channels that form the second circuit. 
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11 . (Amended) The catalytic reactor as claimed in claim 9, wherein the internal 
manifolds and the external manifolds are arranged in a star configuration. 

12. (Amended) The catalytic reactor as claimed in claim 1, wherein the first 
ends of the channels forming the first circuit and situated between the internal 
manifolds are open and the first ends of said channels situated below the internal 
manifolds are blanked off, for example by a plate. 

13. (Amended) The catalytic reactor as claimed in any claim 1, wherein the 
second ends of the channels forming the first circuit and situated between the 
external manifolds are open and the second ends of said channels situated below the 
manifolds are each blanked off, for example by a plate. 

14. (Amended) The catalytic reactor as claimed in claim 1, wherein the first 
ends of the channels forming the second circuit and situated between the internal 
manifolds are blanked off, for example by a plate, and the first ends of said channels 
situated below the internal manifolds are open. 

15 (Amended) The catalytic reactor as claimed in claim 1, wherein the second 
ends of the channels forming the second circuit and situated between the external 
manifolds are each blanked off for example by a plate and the second ends of said 
channels situated below the external manifolds are open. 

16. (Amended) The catalytic reactor as claimed in claim 2, wherein the means 
for loading the catalyst into the channels of the first circuit are formed by an inlet 
duct passing through the upper part of the sealed chamber and connected to the open 
first ends of the channels forming the first circuit by a tubular sleeve arranged in the 
central well and spanning the entire height of said central well, said tubular sleeve 
allowing the reaction fluid to pass from the inlet nozzle as far as said open first 
ends. 
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18. (Amended) The catalytic reactor as claimed in claim 2, wherein the means 
for unloading the catalyst from the channels of the first circuit are formed by an 
outlet duct emerging at the lower part of the sealed chamber and connected to the 
open second ends of the channels forming the first circuit by a tubular sleeve 
arranged in the annular space and spanning from the upper edge of the bundle of 
plates as far as the lower part of said sealed chamber, said tubular sleeve allowing 
the reaction fluid to pass from said open second ends as far as the outlet nozzle. 



The specification has been amended to incorporate the changes made under 
PCT Article 34. The claims have been amended to eliminate multiple dependency 
and to improve their format. None of these amendments is believed to involve any 
new matter. Accordingly, it is respectfully requested that the foregoing amendments 
be entered, that the application as so amended receive an examination on the merits, 
and that the claims as now presented receive an early allowance. 



REMARKS 




Respectfully submitted, 



Moms Liss, Reg. No. 24,510 
Connolly Bove Lodge & Hutz LLP 




1990 M Street, N.W., Suite 800 
Washington, D.C. 20036-3425 
Telephone: 202-331-7111 
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AMENDMENTS TO THE SPECIFICATION 



Page 1, paragraph 4: 

The reaction fluid flows through these tubes inside which the chemical reaction takes 
place, and the heat-transfer fluid flows around the outside of the tubes, between 
these and the interior wall of the chamber. 

Page 1, paragraph 6: 

The specific problem is that the pressure drop in the catalyzer imposes a maximum 
length on the tubes and therefore dictates that there be a great many of the tubes. 

On page 2, line 5, insert the following new paragraph: 

U.S. Patent No. 4,340,501 discloses a catalytic reactor formed of a cylindrical 
chamber containing plate elements spaced apart and which determine a zig-zag path 
for the circulation of fluid. 

On page 3, between paragraphs 1 and 2, insert the following paragraph: 
Finally, an additional drawback of corrugated plates is the limited access they offer 
to the interior of the bundle of plates for inspecting these plates during shut-down of 
the catalytic reactor. 
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AMENDMENTS TO THE CLAIMS 



5. (Amended) The catalytic reactor as claimed in claim 1 [or 2], [characterized 
in that] wherein the channels [(20; 30)] of the first circuit and of the second circuit 
alternate with one another. 

6. (Amended) The catalytic reactor as claimed in [any one of the preceding 
claims] claim 1 , [characterized in that] wherein the plates [(1 1)] of the bundle of 
plates [(10)] form on the one hand, along the axis of the sealed chamber [(1)], a 
central well [(6)] into which a first end [(21; 31)] of the channels [(20; 30)] of the 
first and of the second circuit respectively, emerge and, on the other hand, with said 
sealed chamber [(1)], an annular space [(7)] into which a second end [(22; 32)] of 
the channels [(20; 30)] of the first and of the second circuit respectively, emerge. 

7. (Amended) The catalytic reactor as claimed in [any one of the preceding 
claims] claim 1 , [characterized in that] wherein the means for admitting the reaction 
fluid comprise an inlet nozzle [(23)] passing through the sealed chamber [(1)] and 
connected to the lower end of the central well [(6)] of the bundle of plates [(10)] so 
as to place the first end [(21)] of the channels [(20)] forming the first circuit for the 
circulation of this reaction fluid in communication with said inlet nozzle [(23)] . 

8. (Amended) The catalytic reactor as claimed in [any one of claims] claim 1 
[to 6], [characterized in that] wherein the means for removing the reaction fluid 
comprise an outlet nozzle [(24)] emerging in said sealed chamber [(1)] at the annular 
space [(7)] and communicating with the second end [(22)] of the channels [(20)] 
forming the first circuit for the circulation of this reaction fluid. 

9. (Amended) The catalytic reactor -as claimed in [any one of claims] claim 1 
[to 6], [characterized in that] wherein the means for admitting the heat-transfer fluid 
comprise a main nozzle [(33)] passing through the sealed chamber [(!)] and ducts 
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[(34)] each connecting said main nozzle [(33)] and a vertical internal manifold [(35)] 
spanning the entire height of the central well [(6)] and covering a portion of the first 
ends [(21; 31)] of the channels [(20; 30)] that form the circuits. 

10. (Amended) The catalytic reactor as claimed in [any one of claims] claim 1 
[to 6] , [characterized in that] the means for removing the heat-transfer fluid 
comprise several ducts [(37)] passing through the sealed chamber [(1)] and each 
connected to a vertical external manifold [(38)] spanning the entire height of the 
bundle of plates [(10)] at the annular space [(7)] and covering a portion of the 
second ends [(22; 32)] of the channels [(20; 30)] that form the second circuit. 

11 . (Amended) The catalytic reactor as claimed in claim 9 [or 10], 
[characterized in that] wherein the internal manifolds [(35)] and the external 
manifolds [(38)] are arranged in a star configuration. 

12. (Amended) The catalytic reactor as claimed in [any one of the preceding 
claims] claim 1 , [characterized in that] wherein the first ends [(21)] of the channels 
[(20)] forming the first circuit and situated between the internal manifolds [(35)] are 
open and the first ends [(21)] of said channels [(20)] situated below the internal 
manifolds [(35)] are blanked off, for example by a plate [(25)] . 

13. (Amended) The catalytic reactor as claimed in any [one of the preceding 
claims] claim 1 , [characterized in that] wherein the second ends [(22)] of the 
channels [(20)] forming the first circuit and situated between the external manifolds 
[(38)] are open and the second ends [(22)] of said channels [(20)] situated below the 
manifolds [(38)] are each blanked off, for example by a plate [(26)] . 

14. (Amended) The catalytic reactor as claimed in [any one of claims] claim 1 
[to 11], [characterized in that] wherein the first ends [(31)] of the channels [(30)] 
forming the second circuit and situated between the internal manifolds [(35)] are 
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blanked off, for example by a plate [(36)], and the first ends [(31)] of said channels 
[(30)] situated below the internal manifolds [(35)] are open. 

15 (Amended) The catalytic reactor as claimed in [any one of claims] claim 1 
[to 5 or 14], [characterized in that] wherein the second ends [(32)] of the channels 
[(30)] forming the second circuit and situated between the external manifolds [(38)] 
are each blanked off for example by a plate [(39)] and the second ends [(32)] of said 
channels [(30)] situated below the external manifolds [(30)] are open. 

16. (Amended) The catalytic reactor as claimed in [any one of claims] claim 2 
[to 15], [characterized in that] wherein the means for loading the catalyst [(5)] into 
the channels [(20)] of the first circuit are formed by an inlet duct [(40)] passing 
through the upper part of the sealed chamber [(1)] and connected to the open first 
ends [(21)] of the channels [(20)] forming the first circuit by a tubular sleeve [(41)] 
arranged in the central well [(6)] and spanning the entire height of said central well 
[(6)], said tubular sleeve [(41)] allowing the reaction fluid to pass from the inlet 
nozzle [(40)] as far as said open first ends [(21)]. 

18. (Amended) The catalytic reactor as claimed in [any one of claims] claim 2 
[to 15], [characterized in that] wherein the means for unloading the catalyst [(5)] 
from the channels [(20)] of the first circuit are formed by an outlet duct [(45)] 
emerging at the lower part of the sealed chamber [(1)] and connected to the open 
second ends [(22)] of the channels [(20)] forming the first circuit by a tubular sleeve 
[(46)] arranged in the annular space [(7)] and spanning from the upper edge of the 
bundle of plates [(10)] as far as the lower part of said sealed chamber [(1)], said 
tubular sleeve [(46)] allowing the reaction fluid to pass from said open second ends 
[(22)] as far as the outlet nozzle [(45)]. 
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WO 00/53312 1 PCT/FR00/00373 

Catalytic reactor with a bundle of plates 

The subject of the present invention is a catalytic 
reactor with a bundle of plates for performing heat 
5 transfer between a reaction fluid reacting in contact 
with a catalyst and a heat-transfer fluid which 
provides or removes heat to or from the reaction fluid 
in order to improve the efficiency of the chemical 
reaction . 

10 

In many industries, such as petrochemical and chemical 
industries for example, use is made of treatment 
processes which employ reactors in which chemical 
reactions take place between a reaction fluid and a 
15 catalyst, which reactions are highly endothermic or 
exothermic and in which reactions heat is transferred 
between the reaction fluid and a heat-transfer fluid. 

To do that, it is known practice to employ catalytic 
20 reactors formed of a sealed chamber inside which 
parallel tubes filled with catalyst are arranged. 

The reaction fluid flows through these tubes inside 
which the chemical reaction takes place, and the heat- 
25 transfer fluid flows around the outside of sa^Td tubes, 
between these and the interior wall of the chamber. 

The main disadvantage of this type of catalytic reactor 
lies in its size, because, for large units, the number 
30 and length of the tube rapidly become very great and 
the size of the apparatus rapidly becomes excessive. 

The specific problem is that the pressure drop in the 
catalyzer imposes a maximum length on the tubes and 
35 therefore dictates that there be a great many of s^ifci 
tubes . 



When this length is short and the volume of catalyst 
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needed for a commercial unit of reasonable size is 
high, the size and number of apparatuses needed make 
the use of tube-type catalytic reactors rather 
unattractive . 

5 > u^Jc <k fe: ysp A.WOfrl 

Plate-type catalytic reactors are also known and 
comprise a bundle of corrugated plates delimiting a 
first circuit for the circulation of the reaction fluid 
across a bed of catalyst and a second circuit for the 
10 circulation of heat-transfer fluid. 

Plate-type catalytic reactors offer a better heat- 
exchange coefficient than tube-type catalytic reactors, 
but do exhibit certain drawbacks. 

Specifically, the heat-exchange bundle is formed by a 
stack of corrugated and rectangular plates and 
generally therefore has a parallelepipedal overall 
shape . 

The bundle of plates is placed in a sealed chamber 
which itself has a cylindrical overall shape. 

Thus, the parallelepipedal overall shape of the bundle 
25 of plates proves to be an obstacle to optimum use of 
the internal space of the cylindrical chamber, which 
imposes an economic limit on this type of catalytic 
reactor given the high cost of the sealed chamber. 

30 In addition, the two fluids which circulate through the 
bundle of plates may be at different pressures which 
means that the adjacent plates have a tendency to be 
pressed against each other by the difference in 
pressure between these fluids . 

35 

Now, the mechanical integrity of the corrugated plates 
is limited by the maximum thickness of metal of which 
the plates are made, because of the shaping of these 
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plates to produce the corrugations, which reduces the 
areas in which this type of catalytic reactor can be 
used . 

5 Finally, an additional drawback of corrugated plates is 
the limited access they offer to the interior of the 
bundle of plates for inspecting these plates during 
shut-down of the catalytic reactor. 



10 It is an object of the invention to avoid these 
drawbacks by proposing a plate-type catalytic reactor 
which is more compact and is better able to withstand 
the difference in pressure between the fluids than the 
catalytic reactors hitherto used. 



A subject of the invention is therefore a plate-type 
catalytic reactor for carrying out heat transfer 
between a reaction fluid reacting in contact with a 
catalyst and a heat-transfer fluid, of the type 

20 comprising a vertical and elongated sealed chamber, a 
bundle of plates arranged inside said sealed chamber 
and means for admitting and removing the reaction and 
heat-transfer fluids, characterized in that the chamber 
is of circular shape and in that the bundle of plates 

25 is formed of plates of f rustoconical shape, superposed 
on one another and defining between one another, on the 
one hand, a series of channels containing the catalyst 
and forming a first circuit for the circulation of the 
reaction fluid and, on the other hand, a second series 

30 of channels forming a second circuit for the 
circulation of the heat-transfer fluid, the first 
circuit and the second circuit communicating with means 
for respectively admitting and removing the reaction 
fluid and the heat-transfer fluid. 




15 
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The subject of the present invention is a catalytic 
reactor with a bundle of plates for performing heat 
transfer between a reaction fluid reacting in contact 
5 with a catalyst and a heat-transfer fluid which 
provides or removes heat to or from the reaction fluid 
in order to improve the efficiency of the chemical 
reaction . 

10 In many industries, such as petrochemical and chemical 
industries for example, use is made of treatment 
processes which employ reactors in which chemical 
reactions take place between a reaction fluid and a 
catalyst, which reactions are highly endothermic or 

15 exothermic and in which reactions heat is transferred 
between the reaction fluid and a heat-transfer fluid. 

To do that, it is known practice to employ catalytic 
reactors formed of a sealed chamber inside which 
20 parallel tubes filled with catalyst are arranged. 

The reaction fluid flows through these tubes inside 
which the chemical reaction takes place, and the heat- 
transfer fluid flows around the doutside of said tubes, 
25 between these and the interior wall of the chamber. 

The main disadvantage of this type of catalytic reactor 
lies in its size, because, for large units, the number 
and length of the tube rapidly become very great and 
30 the size of the apparatus rapidly becomes excessive. 

The specific problem is that the pressure drop in the 
catalyzer imposes a maximum length on the tubes and 
therefore dictates that there be a great many of said 
35 tubes. 



When this length is short and the volume of catalyst 
AMENDED SHEET 
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needed for a commercial unit of reasonable size is 
high, the size and number of apparatuses needed make 
the use of tube-type catalytic reactors rather 
unattractive. 

5 

Patent US-A-4 340 501 discloses a catalytic reactor 
formed of a cylindrical chamber containing plate 
elements spaced apart and which determine a zig-zag 
path for the circulation of fluid. 

10 

Plate-type catalytic reactors are also known and 
comprise a bundle of corrugated plates delimiting a 
first circuit for the circulation of the reaction fluid 
across a bed of catalyst and a second circuit for the 
15 circulation of heat-transfer fluid. 

Plate-type catalytic reactors offer a better heat- 
exchange coefficient than tube-type catalytic reactors, 
but do exhibit certain drawbacks . 

20 

Specifically, the heat-exchange bundle is formed by a 
stack of corrugated and rectangular plates and 
generally therefore has a parallelepipedal overall 
shape . 

25 

The bundle of plates is placed in a sealed chamber 
which itself has a cylindrical overall shape. 

Thus, the parallelepipedal overall shape of the bundle 
30 of plates proves to be an obstacle to optimum use of 
the internal space of the cylindrical chamber, which 
imposes an economic limit on this type of catalytic 
reactor given the high cost of the sealed chamber. 

35 In addition, the two fluids which circulate through the 
bundle of plates may be at different pressures which 
means that the adjacent plates have a tendency to be 
AMENDED SHEET 



- 3 - 



pressed against each other by the difference in 
pressure between these fluids. 

Now, the mechanical integrity of the corrugated plates 
5 is limited by the maximum thickness of metal of which 
the plates are made, because of the shaping of these 
plates to produce the corrugations, which reduces the 
areas in which this type of catalytic reactor can be 
used. 

10 

Finally, an additional drawback of corrugated plates is 
the limited access they offer to the interior of the 
bundle of plates for inspecting these plates during 
shut-down of the catalytic reactor. 

15 

This is the case, in particular, of the catalytic 
reactor described in Patent EP-A-7 66 999 which 
comprises several bundles of plates arranged in a star 
configuration in a sealed cylindrical chamber. 

20 

It is an object of the invention to avoid these 
drawbacks by proposing a plate-type catalytic reactor 
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According to other features of the invention: 

the catalytic reactor comprises means for 
loading and unloading the catalyst into and from the 
series of channels forming the first circuit for the 
circulation of the reaction fluid, 

- the plates of f rustoconical shape are smooth or 
have corrugations, 

- the channels of the first circuit and of the 
second circuit alternate with one another, 

- the plates of the bundle of plates form on the 
one hand, along the axis of the sealed chamber, a 
central well into which a first end of the channels of 
the first and of the second circuit respectively, 
emerge and, on the other hand, with said sealed 
chamber, an annular space into which a second end of 
the channels of the first and of the second circuit 
respectively, emerge, 

the means for admitting the reaction fluid 
comprise an inlet nozzle passing through the sealed 
chamber and connected to the lower end of the central 
well of the bundle of plates so as to place the first 
end of the channels forming the first circuit for the 
circulation of this reaction fluid in communication 
with said inlet nozzle, 

the means for removing the reaction fluid 
comprise an outlet nozzle emerging in said sealed 
chamber at the annular space and communicating with the 
second end of the channels forming the first circuit 
for the circulation of this reaction fluid, 

- the means for admitting the heat-transfer fluid 
comprise a main nozzle passing through the sealed 
chamber and ducts each connecting said main nozzle and 
a vertical internal manifold spanning the entire height 
of the central well and covering a portion of the first 
ends of the channels that form the circuits, 

- the means for removing the heat-transfer fluid 
comprise several ducts passing through the sealed 
chamber and each connected to a vertical external 
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manifold spanning the entire height of the bundle of 
plates at the annular space and covering a portion of 
the second ends of the channels that form the circuits, 

- the internal manifolds and the external 
5 manifolds are arranged in a star configuration, 

- the first ends of the channels forming the first 
circuit and situated between the internal manifolds are 
open and the first ends of said channels situated below 
the internal manifolds are blanked off, for example by 

10 a plate, 

the second ends of the channels forming the 
first circuit and situated between the external 
manifolds are open and the second ends of said channels 
are each blanked off, for example by a plate, 

15 - the first ends of the channels forming the 

second circuit and situated between the internal 
manifolds are each blanked off, for example by a plate, 
and the first ends of said channels situated below the 
internal manifolds are open, 

20 - the second ends of the channels form the second 

circuit and situated between the external manifolds are 
each blanked off for example by a plate and the second 
ends of said channels situated below the external 
manifolds are open, 

25 - the means for loading the catalyst into the 

channels of the first circuit are formed by an inlet 
duct passing through the upper part of the sealed 
chamber and connected to the open first ends of the 
channels forming the first circuit by a tubular sleeve 

30 arranged in the central well and spanning the entire 
height of said central well, said tubular sleeve 
allowing the reaction fluid to pass from the inlet 
nozzle as far as said open first ends, 

- the means for unloading the catalyst from the 
35 channels of the first circuit are formed by an outlet 

duct emerging at the lower part of the sealed chamber 
and connected to the open second ends of the channels 
forming the first circuit by a tubular sleeve arranged 
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in the annular space and spanning from the upper edge 
of the bundle of plates as far as the lower part of 
said sealed chamber, said tubular sleeve allowing the 
reaction fluid to pass from said open second ends as 
5 far as the outlet nozzle. 

The invention will be better understood from reading 
the description which will follow, given by way of 
example and made with reference to the appended 
10 drawings, in which: 

fig. 1 is a schematic perspective view with 
partial cutaway of a catalytic reactor according to the 
invention, 

- fig. 2 is a view in cross section of the 
15 catalytic reactor according to the invention, 

- fig. 3 to 6 are part views on a larger scale of 
details 3 to 6 of fig. 2, respectively, 

- fig. 7 is a partial development of the interior 
face of the bundle of plates of the catalytic reactor 

20 according to the invention, 

- fig. 8 is a partial development of the exterior 
face of the bundle of plates of the catalytic reactor 
according to the invention. 

25 Figures 1 and 2 schematically depict a plate-type 
catalytic reactor denoted overall by the reference 1 
and intended more especially for highly endothermic and 
exothermic chemical reactions in which heat is trans- 
ferred between a reaction fluid A which reacts in 

30 contact with a catalyst and a heat-transfer fluid B 
which provides or removes heat to or from the reaction 
fluid A. 

The transfer of heat between the two fluids A and B 
35 makes it possible to improve the efficiency of the 
chemical reaction. 

The sealed chamber 1 is formed by a cylindrical central 
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part 2 arranged vertically and equipped, at its upper 
end, with an upper domed end 3 and, at its lower end, 
with a lower domed end 4 . 

5 Arranged inside the chamber 1 is a bundle of plates 
denoted by the general reference 10, spanning part of 
the length of this sealed chamber 1 and oriented along 
the vertical axis of said sealed chamber 1. 

10 As depicted in the figures, the bundle of plates 10 is 
formed of plates 11 each of f rustoconical shape, 
superposed on one another so as to define between them 
gaps, the slope of which runs downward with respect to 
the axis of the sealed chamber 1. 

15 

The gaps defined between the plates 11 determine, on 
the one hand, a series of channels 20 forming a first 
circuit for the circulation of the reactor fluid A and, 
on the other hand, a series of channels 30 forming a 
20 second circuit for the circulation of heat-transfer 
fluid B. 

The channels 20 of the first circuit and the channels 
30 of the second circuit alternate with one another 
25 and, in the embodiment depicted in the figures, the 
channels 20 are arranged between the channels 30. 

The channels 20 of the first circuit for the 
circulation of the reaction fluid A are filled with a 
30 catalyst 5 formed with small-sized grains of any shape. 

The superposed plates 11 of the bundle of plates 10 
determine, on the one hand, along the axis of the 
sealed chamber 1, a central well 6 and, on the other 
35 hand, with said sealed chamber 1, a peripheral annular 
space 7 . 

A first end 21 of the channels 20 of the first circuit 



for the circulation of the reaction fluid A and a first 
end 31 of the channels 30 of the second circuit for the 
circulation of the heat-transfer fluid B emerge in the 
central well 6. 

5 

A second end 22 of the channels 20 of the first circuit 
for the circulation of the reaction fluid A and a 
second end 32 of the channels 30 of the second circuit 
for the circulation of the heat-transfer fluid B emerge 
10 in the annular space 7. 

The catalytic reactor also comprises means for 
admitting and removing the reaction fluid A, means for 
admitting and removing the heat-transfer fluid B, and 
15 means for loading and unloading the catalyst 5 into and 
from the series of channels 20 that form the first 
circuit for the circulation of said reaction fluid A. 

The means for admitting reaction fluid A comprise an 
20 inlet nozzle 23 passing through the domed lower end 4 
of the sealed chamber 1 and connected to the lower end 
of the central well 6 of the bundle of plates 10 so as 
to place the first end 21 of the channels 20 forming 
the first circuit for the circulation of the reaction 
25 fluid A in communication with said inlet nozzle 23. 

The means for removing this reaction fluid A after it 
has passed through the channels 20 containing the 
catalyst 5 comprise an outlet nozzle 24 emerging more 
30 or less in the central part of the sealed chamber 1 at 
the peripheral annular space 7 and communicating with 
the second end 22 of the channels 20, said end emerging 
in this peripheral annular space 7 . 

35 The means for admitting the heat-transfer fluid B 
comprise a main nozzle 33 passing through the domed 
upper end 3 of the sealed chamber 1 and ducts 34 each 
connecting said main nozzle 33 to a vertical internal 
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manifold 35. 

Each internal manifold 35 spans the entire height of 
the central well 6 and covers a portion of the first 
5 end 31 of the channels 30 that form the second circuit 
for the circulation of said heat-transfer fluid B. 

In the embodiment depicted in the figures, there are 
six of these internal manifolds 35, each connected by a 
10 duct 34 to the main nozzle 33. 

These internal manifolds 35 are arranged in a star 
configuration on the internal face of the bundle of 
plates 10. 

15 

As depicted in fig. 7, which is a partial development 
of the interior wall of the bundle of plates 10, that 
is to say of the internal face at the central well 6, 
the reaction fluid A and heat-transfer fluid B are 
20 routed respectively through the channels 20 and through 
the channels 30. 

For this purpose, the first ends 21 of the series of 
channels 20 forming the first circuit for the 
25 circulation of the reaction fluid A and situated 
between the internal manifolds 35 are open and the 
first ends 21 of said channels 20 situated below the 
internal manifolds 35 are each blanked off for example 
by a plate 25. 

30 

Furthermore, the first ends 31 of the series of 
channels 30 forming the second circuit for the 
circulation of the heat-transfer fluid B and situated 
between the internal manifolds are each blanked off for 
35 example by a plate 36 while the first ends 31 of these 
channels 30 situated above the internal manifolds 35 
are open. 
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The means for removing the heat-transfer fluid B 
comprise several independent ducts 37 which pass 
through the lower domed end 4 of the sealed chamber 1 
and which are each connected to a vertical external 
5 manifold 38 arranged in the annular space 7. 

Each external manifold 38 spans the entire height of 
the external wall of the bundle of plates 10 at said 
annular space 7 and covers a portion of the second end 
10 32 of the series of channels 30 forming the second 
circuit for the circulation of the heat-transfer fluid 
B. 

In the embodiment depicted in the figures, there are 
15 also six of these external manifolds 38, each connected 
to a duct 37 and which are distributed in a star 
configuration on said external face of the bundle of 
plates 10. 

20 As depicted more specifically in fig. 8 which is a 
partial development of the exterior face of the bundle 
of plates 10, that is to say in the region of the 
annular space 7, the second ends 22 of the channels 20 
forming the first circuit for the circulation of the 

25 reaction fluid A and situated between the external 
manifolds 38 are open while the second ends 22 of said 
channels 20 situated below the external manifolds 38 
are each blanked off for example by a plate 26. 

30 Furthermore, the second ends 32 of the channels 30 
forming the second circuit for the circulation of the 
heat-transfer fluid B and situated between the external 
manifolds 38 are each blanked off for example by a 
plate 39 and the second ends 32 of said channels 30 

35 situated below the external manifolds 38 are open. 



As depicted in particular in figs 2 and 5, the means 
for loading the catalyst 5 through the first ends 21 of 
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the channels 20 into the first circuit for circulation 
of the reaction fluid A are formed by an inlet duct 40 
passing through the upper domed end 3 of the sealed 
chamber 1 and connected to the open first ends 21 of 
5 the channels 20 forming said first circuit by a tubular 
sleeve 41 arranged inside the central well 6. 

The inlet duct 40 opens into a manifold 42 fixed to the 
upper end of the central well 6. 

10 

A cone 43 is arranged inside the manifold 42 on the 
upper end of the central well 6 so as to route the 
catalyst 5 discharged by the inlet duct 40 in the 
tubular sleeve 41 toward the inlets 21 of the series of 
15 channels 20. 

The bottom of the central well 6 is blanked off by a 
horizontal plate 44 formed of a grating. 

20 In an alternative form, the lower part of the internal 
manifolds 35 is blanked off by an annular grating, 
leaving the central cross section of the well 6 
unobstructed. 

25 The tubular sleeve 41 spans the entire height of the 
central well 6 and allows the reaction fluid A to pass 
from the inlet nozzle 23 as far as the open first ends 
21 of the series of channels. 

30 As a preference, this tubular sleeve 41 is formed of a 
grating . 

The means for unloading the catalyst 5 from the 
channels 20 of the first circuit for the circulation of 
35 the reaction fluid A when this catalyst 5 is spent, are 
formed of an outlet duct 45 passing through the domed 
lower end 4 of the sealed chamber 1 and which is 
connected to the open second ends 22 of the channels 20 



- 12 - 



forming the first circuit by a tubular sleeve 46 (figs 
2 and 6) arranged in the peripheral annular space 7 . 

This tubular sleeve 46 spans from the upper edge of the 
5 outlets 32 of the channels 30 of the bundle of plates 
10 as far as the lower part of the chamber 1 and allows 
the reaction fluid A to pass from the open second ends 
22 as far as the outlet nozzle 45. 

10 As a preference, the tubular sleeve 46 is formed of a 
grating . 

The plates 25, 36 and 26, 39 are welded to the edges 11 
of the bundle of plates 10 and the manifolds 35 and 38 
15 are also welded to the plates 11 and may also serve to 
hold these plates together. 

The reaction fluid A arriving via the inlet nozzle 23 
passes through the grating 44 and spreads out in the 
20 central well 6. 

This reaction fluid A enters the series of channels 20 
of the first circuit via the open first ends 21 of 
these channels 20. 

25 

As it passes into this series of channels 20 containing 
the catalyst 5, a highly endothermic or exothermic 
chemical reaction takes place, depending on the type of 
fluid used and the desired application. 

30 

Once it has passed through the series of channels 20, 
the reaction fluid A passes through the tubular sleeve 
46, spreads out inside the sealed chamber 1, and is 
removed via the outlet nozzle 24. 

35 

At the same time as the reaction fluid A is 
circulating, the heat-transfer fluid B arrives via the 
main nozzle 33 and via the ducts 34 in the internal 
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manifolds 35. 



The heat-transfer fluid B enters the series of channels 
30 of the second circuit by passing through the open 
5 ends 31 of this second circuit and diffuses uniformly 
throughout the channels 30. 

Depending on the application and on the type of heat- 
transfer fluid B used, as it passes through the 
10 channels 30 of the second circuit, this heat-transfer 
fluid carries out heat transfer by providing or 
removing heat to or from the reaction fluid 1, making 
it possible to improve the efficiency of the chemical 
reaction . 

15 

Once it has passed through the channels 30, the heat- 
transfer fluid B leaves via the open second ends 32 of 
the channels 30 and is then collected by the external 
manifolds 38 and removed by the outlet ducts 37. 

20 

The f rustoconically shaped plates 11 of the bundle of 
plates 10 may be smooth or may have corrugations. 

When the catalyst 5 is being renewed, the outlet duct 
25 45 is opened and the catalyst 5 flows out through this 
outlet duct 45 and, because of the slope of the 
channels 20, this catalyst 5 is removed from said 
channels 20. 



30 To fill the channels 20 with fresh catalyst 5, the 
outlet duct 45 is closed and the fresh catalyst 5 is 
poured in through the inlet duct 40 into the tubular 
sleeve 41 and spreads out in the channels 20 of the 
first circuit for the circulation of the reaction fluid 

35 A. 



Each time the catalyst has to be replaced, this 
operation is repeated. 
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By comparison with a tubular catalytic reactor, the 
configuration of the reactor according to the invention 
offers the advantage of a true co-current heat exchange 
5 configuration over most of the heat-exchange length. 

By comparison with a catalytic reactor comprising a 
cylindrical sealed wrapper and a plate bundle of 
parallelepipedal overall shape, the configuration of 
10 the catalytic reactor according to the invention makes 
it possible to be able to circulate fluids with higher 
pressure differences. 

The catalytic reactor according to the invention has 
15 the advantage, as a result of its design, of being 
compact by virtue of the shape of the bundle of plates 
which advantageously fills the space of the sealed 
wrapper thus making it possible to reduce the cost of 
this sealed wrapper. 

20 

In addition, the catalytic reactor according to the 
invention has better ability to withstand the 
difference in pressure between the fluids, also by 
virtue of the shape of the plates of which the bundle 
25 of plates is made, making it possible to balance the 
pressure difference by developing a hoop stress which 
can easily be kept below a given value that is 
permissible for the material of which the plates are 
made, by adjusting the thickness of these plates. 

30 

Finally, the catalytic reactor according to the 
invention allows easy filling with catalyst because of 
the slope of the channels and easier access to the 
interior of the bundle of plates for cleaning or 
35 inspection for maintenance purposes. 
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CLAIMS 

1. A plate-type catalytic reactor for carrying out 
heat transfer between a reaction fluid reacting in 
5 contact with a catalyst and a heat-transfer fluid, 

of the type comprising a vertical and elongated 
sealed chamber (1) , a bundle of plates (10) 
arranged inside said sealed chamber (1) and means 
for admitting and removing the reaction and heat- 

10 transfer fluids, characterized in that the sealed 

chamber (1) is of circular shape and in that the 
bundle of plates (10) is formed of plates (11) of 
f rustoconical shape, superposed on one another and 
defining between one another, on the one hand, a 

15 series of channels (20) containing the catalyst 

(5) and forming a first circuit for the 
circulation of the reaction fluid and, on the 
other hand, a second series of channels (30) 
forming a second circuit for the circulation of 

20 the heat-transfer fluid, the first circuit and the 

second circuit communicating with means for 
respectively admitting and removing the reaction 
fluid and the heat-transfer fluid. 

25 2. The catalytic reactor as claimed in claim 1, 
characterized in that it comprises means for 
loading and unloading the catalyst (5) into and 
from the series of channels (20) forming the first 
circuit for the circulation of the reaction fluid. 

30 

3. The catalytic reactor as claimed in claim 1, 
characterized in that the plates (11) of 
f rustoconical shape are smooth. 

35 4. The catalytic reactor as claimed in claim 1, 
characterized in that the plates (11) of 
f rustoconical shape have corrugations. 



The catalytic reactor as claimed in claim 1 or 2, 
characterized in that the channels (20; 30) of the 
first circuit and of the second circuit alternate 
with one another. 

The catalytic reactor as claimed in any one of the 
preceding claims, characterized in that the plates 
(11) of the bundle of plates (10) form on the one 
hand, along the axis of the sealed chamber (1), a 
central well (6) into which a first end (21; 31) 
of the channels (20; 30) of the first and of the 
second circuit respectively, emerge and, on the 
other hand, with said sealed chamber (1) , an 
annular space (7) into which a second end (22; 32) 
of the channels (20; 30) of the first and of the 
second circuit respectively, emerge. 

The catalytic reactor as claimed in any one of the 
preceding claims, characterized in that the means 
for admitting the reaction fluid comprise an inlet 
nozzle (23) passing through the sealed chamber (1) 
and connected to the lower end of the central well 
(6) of the bundle of plates (10) so as to place 
the first end (21) of the channels (20) forming 
the first circuit for the circulation of this 
reaction fluid in communication with said inlet 
nozzle (23) . 

The catalytic reactor as claimed in any one of 
claims 1 to 6, characterized in that the means for 
removing the reaction fluid comprise an outlet 
nozzle (24) emerging in said sealed chamber (1) at 
the annular space (7) and communicating with the 
second end (22) of the channels (20) forming the 
first circuit for the circulation of this reaction 
fluid. 



The catalytic reactor as claimed in any one of 



claims 1 to 6, characterized in that the means for 
admitting the heat-transfer fluid comprise a main 
nozzle (33) passing through the sealed chamber (1) 
and ducts (34) each connecting said main nozzle 
(33) and a vertical internal manifold (35) 
spanning the entire height of the central well (6) 
and covering a portion of the first ends (21; 31) 
of the channels (20; 30) that form the circuits. 

The catalytic reactor as claimed in any one of 
claims 1 to 6, characterized in that the means for 
removing the heat-transfer fluid comprise several 
ducts (37) passing through the sealed chamber (1) 
and each connected to a vertical external manifold 
(38) spanning the entire height of the bundle of 
plates (10) at the annular space (7) and covering 
a portion of the second ends (22; 32) of the 
channels (20; 30) that form the second circuit. 

The catalytic reactor as claimed in claim 9 or 10, 
characterized in that the internal manifolds (35) 
and the external manifolds (38) are arranged in a 
star configuration. 

The catalytic reactor as claimed in any one of the 
preceding claims, characterized in that the first 
ends (21) of the channels (20) forming the first 
circuit and situated between the internal 
manifolds (35) are open and the first ends (21) of 
said channels (20) situated below the internal 
manifolds (35) are blanked off, for example by a 
plate (25) . 

The catalytic reactor as claimed in any one of the 
preceding claims, characterized in that the second 
ends (22) of the channels (20) forming the first 
circuit and situated between the external 
manifolds (38) are open and the second ends (22) 



of said channels (20) situated below the manifolds 
(38) are each blanked off, for example by a plate 
(26) . 

The catalytic reactor as claimed in any one of 
claims 1 to 11, characterized in that the first 
ends (31) of the channels (30) forming the second 
circuit and situated between the internal 
manifolds (35) are blanked off, for example by a 
plate (36) , and the first ends (31) of said 
channels (30) situated below the internal 
manifolds (35) are open. 

The catalytic reactor as claimed in any one of 
claims 1 to 5 or 14, characterized in that the 
second ends (32) of the channels (30) forming the 
second circuit and situated between the external 
manifolds (38) are each blanked off for example by 
a plate (39) and the second ends (32) of said 
channels (30) situated below the external 
manifolds (30) are open. 

The catalytic reactor as claimed in any one of 
claims 2 to 15, characterized in that the means 
for loading the catalyst (5) into the channels 
(20) of the first circuit are formed by an inlet 
duct (40) passing through the upper part of the 
sealed chamber (1) and connected to the open first 
ends (21) of the channels (20) forming the first 
circuit by a tubular sleeve (41) arranged in the 
central well (6) and spanning the entire height of 
said central well (6), said tubular sleeve (41) 
allowing the reaction fluid to pass from the inlet 
nozzle (40) as far as said open first ends (21) . 

The catalytic reactor as claimed in claim 16, 
characterized in that the tubular sleeve (41) is 
formed of a grating. 



The catalytic reactor as claimed in any one of 
claims 2 to 15, characterized in that the means 
for unloading the catalyst (5) from the channels 
(20) of the first circuit are formed by an outlet 
duct (45) emerging at the lower part of the sealed 
chamber (1) and connected to the open second ends 
(22) of the channels (20) forming the first 
circuit by a tubular sleeve (4 6) arranged in the 
annular space (7) and spanning from the upper edge 
of the bundle of plates (10) as far as the lower 
part of said sealed chamber (1) , said tubular 
sleeve (4 6) allowing the reaction fluid to pass 
from said open second ends (22) as far as the 
outlet nozzle (45) . 

The catalytic reactor as claimed in claim 18, 
characterized in that the tubular sleeve (46) is 
formed of a grating. 

The catalytic reactor as claimed in claim 6, 
characterized in that the bottom of the central 
well (6) is blanked off by a horizontal plate (44) 
formed of a grating. 

The catalytic reactor as claimed in claim 9, 
characterized in that the lower part of the 
internal manifolds (35) is blanked off by an 
annular grating, leaving the central cross section 
of the well (6) unobstructed. 
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